Introduction
============

Oral mucositis is an inflammatory condition of the oral mucosa following chemotherapy or radiotherapy. The severe ulceration, pain and erythematous lesions associated with oral mucositis often cause significant difficulties for patients in eating and drinking, leading to weight loss, fatigue and impaired quality of life. In addition, these complications may lead to prolonged hospitalization and require special care, such as parenteral or gastric nutrition.[@b1-ijn-12-2335] In more severe oral mucositis cases, a reduction in the chemotherapy dose or imposing a treatment break in radiation therapy may be necessary, which can lead to the development of drug resistance and suboptimal treatment outcome and can negatively influence the cancer treatment prognosis. Furthermore, patients with damaged oral mucosa and reduced immunity resulting from chemotherapy and radiotherapy are prone to develop infections in the mouth, which can be a life-threatening condition.[@b2-ijn-12-2335]

According to the National Cancer Institute guidelines, the analgesic treatment for mucositis following head and neck cancer starts with non-steroidal anti-inflammatory drugs (NSAIDs).[@b3-ijn-12-2335] The use of NSAIDs for the treatment of a number of oral cavity pathologies, such as gingivitis, periodontitis, stomatitis and oral ulcers, is common.[@b4-ijn-12-2335] However, the oral administration is usually associated with significant unwanted systemic side effects, particularly gastrointestinal (GI) bleeding and renal dysfunction.[@b5-ijn-12-2335] Cancer patients undergoing chemotherapy and radiation therapy are frequently neutropenic and thrombocytopenic. The systematic treatment of the pain due to oral mucositis may further complicate the side effects of NSAIDs. Therefore, local treatment is preferred since it delivers more drugs to the target tissue with less systemic absorption.

Among various topical NSAIDs that show potential efficacy in treating oral mucosal lesions, ketoprofen (KET) exhibits a greater potency relative to other agents in blocking human prostaglandin E2 (PGE2) synthesis in vitro.[@b6-ijn-12-2335] In addition, it has the added advantage of directly inhibiting monocytes and macrophages, which are involved in the synthesis of PGE2. Besides its ability to block the cyclooxygenase pathway, in vitro reports have also suggested an anti-lipoxygenase activity and hence the added ability of the drug to inhibit leukotriene formation. Other unique anti-inflammatory effects of KET include its anti-bradykinin activity, stabilization of lysosomal membranes and suppression of leukocyte migration.[@b7-ijn-12-2335] Local buccal delivery of KET could be considered as a safe alternative route to oral administration for patients with oral mucositis to reduce the systemic absorption and side effects.

To improve oromucosal delivery of NSAIDs, several new dosage forms have been developed, such as mucoadhesive films,[@b8-ijn-12-2335],[@b9-ijn-12-2335] proniosomal gel,[@b10-ijn-12-2335] liquid crystalline film,[@b11-ijn-12-2335] buccal tablet,[@b12-ijn-12-2335] electrospun nanofibers (NFs)[@b13-ijn-12-2335] and many others. Among these drug delivery systems, electrospun NFs have attracted increasing attention in the recent years as novel carrier systems.[@b14-ijn-12-2335],[@b15-ijn-12-2335]

To our knowledge, there has been little work in the literature focused on the electrospun NFs for oral mucosal application, and no research has studied the use of electrospun NSAID-loaded NFs to address the important issue of oral mucositis treatment through local buccal administration. The main objective of this study was to formulate and evaluate locally applied mucoadhesive buccal KET NFs for pain and inflammation management of oral mucositis as a safe alternative dosage form to orally administered drug, that can be easily applied by patients.

Materials and methods
=====================

Materials
---------

The materials used in this study were KET (El-Amriya Pharmaceutical Co., Alexandria, Egypt); Eudragit L100 (EL), Eudragit S100 (ES) and Eudragit RS100 (Evonik Röhm Pharma GmbH, Darmstadt, Germany); ethanol 96% (El-Nasr Pharmaceutical Co., Alexandria, Egypt); acetic acid and formalin (El Gomhouria Co., Alexandria, Egypt); ketamine (Alfasan, Woerden, the Netherlands) and xylamine (Adwia Co., Cairo, Egypt). All other chemicals were of reagent grade.

Animals
-------

Albino rabbits (1.7--2 kg) were provided by the animal facility of the Institute of Graduate Studies and Research, Alexandria University.

Preparation of the electrospun NFs
----------------------------------

The homogeneous electrospun polymer solutions were prepared by dissolving different polymers, including ES and EL in ethanol, at different concentrations of 10%, 15%, 20% and 25% (w/v) using a magnetic stirrer (DAIHAN Scientific Co., Ltd., Seoul, Korea) for 1 hour at room temperature until complete dissolution of the polymer. To prepare drug-loaded polymer solutions, KET was added at different concentrations of 10%, 15% and 20% (w/v) to the polymer solutions. The mixture was stirred for a further 30 minutes at room temperature.

Prior to electrospinning, the viscosity of the prepared polymeric solutions was measured at room temperature with a viscometer (RV-TD, spindle S15; Brookfield Engineering Laboratories, Inc., Middleboro, MA, USA) at different shear rates.

The electrospinning apparatus setup was composed of high-voltage DC power supply, a pump and a 10 mL syringe with a stainless steel blunt needle (18 G) kept at a horizontal position of 90° and at a distance of 10 cm from the collector surface. The positive high voltage was connected to the spinneret tip, and the negative voltage supply was connected to the metal collector covered with aluminum foil to collect the ultrafine NFs. The electrospinning process was conducted at ambient room temperature and humidity. The prepared polymer solutions were loaded in the syringe and delivered at different flow rates and voltages. The effects of different variables on the structural characteristics of the NFs were studied, which included polymer types and concentrations (10%--25% w/v), applied voltage (0.5 and 1 mL/h), flow rates (0.5--2 mL/h) and drug concentrations (10%--20%). Polymer films with the same quantitative composition of NFs were also prepared for comparison study.

Scanning electron microscopy (SEM)
----------------------------------

The morphology of NFs was examined by SEM (JSM-5300; JOEL, Tokyo, Japan). Samples were mounted on metal stubs and sputter coated with gold using an ion-sputtering coater for 30 minutes prior to examination. The diameter of the electrospun NFs was measured from the SEM image of the sample by SEM image analysis software.

Determination of drug content
-----------------------------

Prepared NFs were cut into 30 mg mass and dissolved in 10 mL ethanol using a magnetic stirrer for 5 minutes until complete dissolution of the NFs. The drug content was analyzed at 255 nm using a ultra violet spectrophotometer (Shimadzu spectrophotometer; Shimadzu Co., Kyoto, Japan) after filtration and suitable dilution of the sample. The unknown concentration was determined using a preconstructed validated calibration curve in ethanol. The entrapment efficiency and drug loading were calculated as follows:[@b16-ijn-12-2335] $$\begin{array}{l}
{\text{Entrapment~efficiency}(\% w/w) = \frac{\text{Weight~of~drug~in~the~nanofiber}}{\text{Theoretical~weight~of~drug~in~the~nanofiber}} \times 100} \\
{\text{Drug~loading}(\% w/w) = \frac{\text{Weight~of~drug~in~nanofibers}}{\text{Weight~of~nnanofibers~taken}} \times 100} \\
\end{array}$$

Differential scanning calorimetry (DSC)
---------------------------------------

Accurate weights (5 mg) of KET, ES, EL and KET-loaded Eudragit S100 nanofibers (ES-NF) and Eudragit L100 nanofibers (EL-NF) were analyzed by DSC-6 (PerkinElmer Instrument, MA, USA). Samples were spread and hermetically sealed in aluminum pans and heated at a constant rate of 5°C/min over a temperature range of 25°C--400°C. Inert atmosphere was maintained by purging nitrogen as a blank gas at a flow rate of 20 mL/min.

Fourier transform infrared spectroscopy (FTIR)
----------------------------------------------

Samples (2 mg) of KET, ES, EL and KET-loaded ES-NF and EL-NF were mixed with 200 mg of pure potassium bromide powder and compressed into disks. Analyses were performed by FTIR (PerkinElmer Instrument) from 350 to 4,400 cm^−1^ at room temperature.

Measurement of surface pH
-------------------------

NFs were cut into 1 cm^2^ pieces, which were left to swell for 2 hours on the surface of an agar plate. The surface pH was measured by bringing a combined glass electrode (Schott Geräte, Mainz, Germany) in contact with the surface of the NFs, allowing it to equilibrate for 1 minute.

Measurement of hydration capacity
---------------------------------

NF pieces (30 mg) were held on a stainless steel mesh and immersed in 10 mL phosphate buffer (pH 6.8) simulating salivary pH. The swelling behavior was observed at predetermined time intervals. Samples were removed with the mesh, blotted off carefully on tissue papers to remove the surface-adhered liquid droplets and reweighed to constant weight. The percentage of water uptake was calculated from the following equation:[@b17-ijn-12-2335] $$\text{Water~uptake}(\%) = \frac{W_{2} - W_{1}}{W_{1}} \times 100$$where W~2~ is the weight of the hydrated NFs and W~1~ is the initial weight of NFs.

Mucoadhesion test
-----------------

The mucoadhesive properties of the NFs were evaluated by the modified balance method through measuring the detachment forces between the NFs loaded with KET (1 cm^2^) and chicken pouch mucosal surface.[@b18-ijn-12-2335] The weight of added water in grams required to detach the NFs from the mucosal surface was measured. The force required to break the adhesive bond per unit area was calculated using the following equation:[@b18-ijn-12-2335] $$F = \frac{W_{w} \times g}{A}$$where F is the mucoadhesive force (detachment force) in dyne/cm^2^, W~w~ is the detachment weight in grams (weight of water added), g is the acceleration due to gravity in cm/s[@b2-ijn-12-2335] and A is the surface area of the NFs in cm^2^.

Ex vivo mucoadhesion time
-------------------------

The chicken buccal pouches were fixed to the internal side of a beaker with cyanoacrylate glue. A piece of the NFs containing 25 mg KET was first moistened with a few drops of phosphate buffer (pH 6.8) and then fixed to the chicken buccal mucosal surface by applying a light force with the finger tip for 20 seconds. The beaker was then filled with 50 mL of phosphate buffer solution (37°C). After 2 minutes, a stirring rate of 50 rpm was applied to simulate the buccal cavity environment. The time required for the formulation to erode completely was recorded.

In vitro drug release study
---------------------------

Total immersion method was used to study the release behavior of KET from EL-NF and ES-NF.[@b19-ijn-12-2335] NFs and solvent-casted films were cut into pieces containing 25 mg of KET, and each was placed into a beaker filled with 50 mL phosphate buffer (pH 6.8), which was covered and placed in a horizontal shaking water bath (WiseCube^®^; DAIHAN, Seoul, Korea) at 50 shakes/min and 37°C±0.5°C. At predetermined time intervals, an aliquot of 0.5 mL was withdrawn and replaced by fresh pre-warmed buffer solution. The samples were filtered and analyzed spectrophotometrically at *λ*~max~ 260 nm. The cumulative percent of KET released was calculated by dividing the amount of KET released by the total amount of KET loaded in the NFs. These values were corrected for the amount of KET removed at each time.[@b20-ijn-12-2335]

Ex vivo permeation study
------------------------

KET permeation through the chicken buccal mucosa was performed using modified Franz diffusion cells (Nan Cheng Medical Glass, Taipei, Taiwan). The receptor compartment of the cell had 21 mL capacity and was surrounded by water jacket to maintain the temperature at 37°C±0.5°C with a circulating water bath.[@b21-ijn-12-2335] The fresh chicken buccal mucosa was carefully separated from underlying fat and muscles using a scalpel and stored immediately in phosphate buffer pH 6.8 at −20°C. Before performing the experiment, the membranes were thawed and allowed to equilibrate in receptor buffer for \~1 hour to regain the elasticity. The membranes were then mounted between the donor and receptor compartments with the mucosal layer facing the donor compartment.

NFs containing 10 mg KET were placed on the top of the mucosa, and the two compartments were clamped together. The donor compartment was filled with 5 mL of isotonic phosphate buffer (pH 6.8) to simulate the saliva in the mouth and to initiate the release of the drug. The receptor compartment was filled with the same buffer. The hydrodynamics in the receptor compartment was maintained by stirring with a magnetic bar at 50 rpm. A total of 1 mL of sample was withdrawn at predetermined time intervals and replaced with an equal volume of the same fresh and pre-warmed medium. The drug concentrations were determined spectrophotometrically and corrected for the amount of KET removed at each time point.[@b20-ijn-12-2335]

In vivo animal study
--------------------

All rabbits in this study were housed in separate cages in a light--dark cycle and temperature-controlled environment and were allowed to adapt to the housing conditions for 1 week prior to the start of the experiment. Experiments were approved and performed in accordance with the guidelines of the Institutional Animal Care and Use Committee (Faculty of Pharmacy, Alexandria University).

The rabbits were fasted 2 hours prior to oral mucositis induction, which was performed under anesthesia with an intramuscular injection of 35 mg/kg ketamine and 5 mg/kg xylamine.[@b22-ijn-12-2335] To induce mucosal ulcer, 50% acetic acid-soaked cotton bud was pressed on the buccal mucosal tissue of the anesthetized rabbits for 60 seconds on both sides of the buccal cavity.[@b23-ijn-12-2335]--[@b25-ijn-12-2335] After induction of mucositis, rabbits were divided into two groups containing three in each group. Rabbits in group 1 were treated by the selected formula of 20% EL-NF loaded with 20% KET (F1), while group 2 served as oral mucositis control (nontreated group). One extra rabbit served as normal control. In the treatment group, both sides were treated with F1 containing 10 mg KET. The treatment started on the second day after the mucositis was developed. A piece of the NFs was placed on the ulcer lesion of anesthetized rabbits and pressed firmly for a few seconds for local fixation. The anesthesia lasted for 3 hours to ensure that rabbits did not swallow the dosage form or chew on it. Treatment was applied once daily for 5 consecutive days. All rabbits were sacrificed at the end of the sixth day, and the buccal mucosa of the ulcer region on both sides was excised for further histological examination. Rabbits of the control group were left in the normal housing conditions without treatment during the 6-day experimental period. All the animals were weighed and monitored daily. The pouch mucosa of six rabbits was everted and photographed daily for subsequent clinical evaluation. A sample of the buccal mucosa from the normal control rabbit was also excised for comparison.

Histopathological study
-----------------------

All freshly excised buccal mucosal samples were immediately fixed in 10% formalin solution in an amber glass bottle. Then, samples were embedded in paraffin wax and sectioned into thicknesses of 10 μm, which were stained with hematoxylin and eosin. The slides were evaluated under a microscope for any abnormality. The absence or presence of microscopically visible ulceration and severity of inflammatory infiltrate were rated using a scoring system reported by Lopez et al.[@b1-ijn-12-2335]

Statistical analysis
--------------------

All results were statistically analyzed by analysis of variance (ANOVA) using SPSS 17.0 software (SPSS Inc., Chicago, USA, 2007). Post hoc multiple comparisons test was applied when required. *P*≤0.05 indicated statistical significance values. Body weight loss data were analyzed by Student's *t*-test with significance level set at 5%.

Results and discussion
======================

Optimization of preparation of EL-NF and ES-NF
----------------------------------------------

Four different factors namely polymer concentration, applied voltage, flow rate and drug concentration were examined to optimize NF production using EL and ES polymers.

Effects of polymer concentration
--------------------------------

Different concentrations (10, 15, 20 and 25% w/v) of EL and ES ethanolic solutions were electrospun at a fixed feeding rate of 0.5 mL/h, and the applied voltage was 15 kV. SEM examination showed drastic morphological changes when the concentration of polymer solutions changed ([Figure 1](#f1-ijn-12-2335){ref-type="fig"}). When EL and ES concentrations were as low as 10% (w/v), many beads appeared in the electrospun products ([Figure 1AI and AII](#f1-ijn-12-2335){ref-type="fig"}, respectively). Increasing the polymer concentration to 15% (w/v) decreased the number and size of beads in the case of EL ([Figure 1BI](#f1-ijn-12-2335){ref-type="fig"}); however, ES showed a lot of defects in the form of beads and fusion points ([Figure 1BII](#f1-ijn-12-2335){ref-type="fig"}). Further increase in the concentrations to 20% and 25% resulted in bead disappearance and uniform smooth fiber formation in EL and ES ([Figure 1CI, DI, DII and CII](#f1-ijn-12-2335){ref-type="fig"}). However, the viscosity of polymer solutions was very high at the polymer concentration 25% (w/v), resulting in the frequent clogging of the needle. As a result, the droplet dried out at the tip before jets could be initiated, disturbing the jet flow and leading to a constant need to remove the clog to allow the electrospinning process to continue.

It was important to investigate the rheological properties of polymer solutions used in electrospinning because they can have substantial effects on the electrospinning process as well as the quality and morphology of fibers produced.[@b26-ijn-12-2335] The relationship between EL and ES concentrations (10, 15 and 20% w/v) and the corresponding solution viscosity are presented in [Figure 2](#f2-ijn-12-2335){ref-type="fig"}, which demonstrated that viscosity of EL and ES solutions was significantly increased by increasing the polymer concentration from 10% to 20% (w/v; *P*≤0.001).

The rheological studies could explain the formation of beads. At low concentration, the viscosity of the polymer solution was low and the surface tension became the dominant factor in the electrospinning process, which tended to make the surface area per unit mass smaller by changing the jet into spheres or beads.[@b27-ijn-12-2335] By increasing the concentration, the viscosity of the polymer solution increased and the jet would be less likely to break up because of the greater viscoelastic forces. The formed filaments between the droplets were more stabilized, and a mixture of beads and fibers was obtained ([Figure 1A and B](#f1-ijn-12-2335){ref-type="fig"}). When the polymer solution increased to a suitable concentration, smooth, fine NFs could be obtained due to the high viscoelastic forces, which resisted the formation of beads ([Figure 1C and D](#f1-ijn-12-2335){ref-type="fig"}). Our results were consistent with Zong et al,[@b28-ijn-12-2335] Buchko et al[@b29-ijn-12-2335] and Fong et al[@b30-ijn-12-2335] who also found that higher polymer concentrations resulted in fibers with fewer beads.

It is worth mentioning that a linear relationship was observed between the plot of shear stress and shear rate of 20% (w/v) ES (*r*^2^=0.99) and EL (*r*^2^=0.99) solutions, where the increase in shear rate was directly proportional to the increase in average shear stress, suggesting Newtonian behavior of these two polymer solutions, which was advantageous under the condition of electrospinning process. Our results also agreed with the reported data stating that Eudragit solution showed Newtonian behavior at low shears.[@b31-ijn-12-2335] To study the effects of polymer concentration on NF diameter, the produced electrospun NF diameters were measured by SEM image analysis software. [Table 1](#t1-ijn-12-2335){ref-type="table"} lists the relationship between the polymer concentration and their corresponding NF diameter, which increased significantly (*P*≤0.001) by increasing EL and ES concentrations.

A number of researchers studied the relationship between the concentration and NF diameter using various polymers, including polyethylene oxide[@b32-ijn-12-2335] and acrylonitrile.[@b33-ijn-12-2335] They concluded that a higher concentration and viscosity resulted in a larger NF diameter.

The equations that correlated the NF diameter to polymer concentration were Y =0.269X^2.256^ and Y =0.89X^2.849^, for EL-NF and ES-NF, respectively, where Y was the NF diameter and X was the polymer solution concentration. The coefficient of determination *R*^2^ was found to be 0.8 and 0.848 for EL-NF and ES-NF, respectively. Our results were similar to that obtained by Ki et al[@b34-ijn-12-2335] who reported that the relation between the NF diameters and polymer concentrations of both EL-NF and ES-NF followed the power law relationship.

From the previous results, the polymer concentration of 20% (w/v) for ES and EL was selected as it produced smooth fibers with no beads and showed less clogging in the spinneret.

Effects of applied voltage
--------------------------

Different voltages (10, 15, 20 and 25 kV) were applied on 15% (w/v) EL solutions to investigate the effects of the applied voltage on the process of electrospinning, NF diameter and bead formation. Since EL-NF prepared at the polymer concentration of 15% (w/v) showed some beads, a trial was performed to improve the morphology of the prepared NFs using the least possible concentration of polymer (15%) by changing the applied voltage. The results revealed that application of higher voltages resulted in a highly significant increase (*P*≤0.001) in the resultant NF diameter ([Table 2](#t2-ijn-12-2335){ref-type="table"}). The possible explanation of the increase in diameter as a function of the applied voltage could be as follows: when the voltage increased, the volume of the drop at the tip decreased, causing Taylor cone to recede, which increased the amount of fluid ejected and increased the flow of polymer solution, resulting in larger fiber diameter.[@b35-ijn-12-2335] However, the correlation between NF diameter and voltage was ambiguous in the literature. For example, Reneker and Chun[@b36-ijn-12-2335] have demonstrated that there was not much effect of electric field on the diameter of electrospun polyethylene oxide NFs. Other studies of poly([d]{.smallcaps}-lactide)[@b28-ijn-12-2335] and polyvinyl alcohol[@b37-ijn-12-2335] showed that higher voltages yielded larger fiber diameters; however, when spinning silk-like polymer,[@b29-ijn-12-2335] the NF diameter decreased by increasing the applied voltage due to a higher degree of jet stretching by increasing the applied voltage.

Kanani and Bahrami[@b38-ijn-12-2335] showed that by increasing the voltage, the diameter of polycaprolactone NFs increased when the polymer was dissolved in solvents such as glacial acetic acid and glacial formic acid. However, this increase was not significant in the case of polycaprolactone dissolved in acetic acid as a solvent. It is worth mentioning that varying the applied voltage did not solve the problem of bead formation as shown in SE micrographs ([Figure 3](#f3-ijn-12-2335){ref-type="fig"}).

From the previous results, it could be concluded that varying the voltage did not improve the problem of bead formation using the polymer solution of 15% (w/v) EL. Therefore, the polymer solution of 15% (w/v) was eliminated and 20% (w/v) EL was used instead for further investigations.

The optimum selected applied voltage for EL 20% (w/v) was 15 kV, as from the visual inspection, the flow of NF jet produced at 10 kV was irregular and frequently interrupted. On the other hand, the NF flow produced at 15 kV was more regular and continuous.

Effects of flow rate
--------------------

The effects of different flow rates on the NFs prepared using 20% (w/v) EL and ES solutions were investigated in an attempt to reduce the time necessary for the production of NFs. In general, a minimum flow rate of the polymer is required in order to replace the solution that is lost when the NF jet is ejected, as the polymer solution will have enough time for polarization, stretching and drying.[@b33-ijn-12-2335] Smooth, fine NFs were formed at a low flow rate of 0.5 mL/h ([Figure 4AI and II](#f4-ijn-12-2335){ref-type="fig"}); however, fiber diameter became larger and fusion points appeared when the flow rate increased to 1 mL/h ([Figure 4BI and II](#f4-ijn-12-2335){ref-type="fig"}). At higher flow rates (2 mL/h), fibers did not have a chance to dry prior to reaching the collector; therefore, fusion points and structural deformations were observed in SEM results. Zong et al[@b28-ijn-12-2335] reported that at a higher flow rate, the available polymer solution volume was high; therefore, the droplet suspended at the end of the spinneret was larger; the jet of the solution carried the fluid away with a faster velocity and trajectory. Consequently, the electrospun fibers were not completely dry before reaching the collector. This resulted in larger beads, junctions of the fiber mat and larger fiber diameters.[@b27-ijn-12-2335],[@b28-ijn-12-2335] One should also consider that electric current might also be affected by the flow rate. Theron et al[@b39-ijn-12-2335] studied the effects of solution flow rate on electric current and surface charge density. They found that by increasing the flow rate, the electric current increased and the surface charge density decreased.

From the previous results, 0.5 mL/h was selected as an optimum polymer solution flow rate under the current experimental conditions.

Effects of KET-loading concentration
------------------------------------

The addition of KET at concentrations of 10%, 15% and 20% (w/v) to 20% (w/v) EL produced smooth NF mats prepared at a flow rate of 0.5 mL/h and at 15 kV ([Figure 5](#f5-ijn-12-2335){ref-type="fig"}).

On the other hand, only 20% (w/v) ES-NF loaded with 10% (w/v) KET produced smooth NFs under the same experimental conditions ([Figure 6](#f6-ijn-12-2335){ref-type="fig"}). However, the increase in the drug concentration to 15 and 20% (w/v) caused the produced ES-NF to be very brittle and difficult to be removed from the collector. However, EL-NF and ES-NF containing various concentrations of KET showed no fusion points or structural deformations in SEM pictures and no drug crystals or aggregates were observed.

The reason for the fragile morphology of ES-NF loaded with a high concentration of KET could be due to the high volatilization rate of solvent and the significant decrease in viscosity after addition of KET (*P*≤0.001). Therefore, polymer jet did not have enough chain entanglements and the time was not sufficient for jet orientation before solvent evaporation due to the high speed of spinning as reported by Kanani and Bahrami.[@b38-ijn-12-2335]

Zeng et al[@b40-ijn-12-2335] demonstrated that the solubility and compatibility of the drug in the drug--polymer--solvent system were important factors in the morphology of NFs produced. In this study, both KET and the polymers were soluble in ethanol, which explained their compatibility and the compatibility of the homogeneous fibers produced where no phase separation occurred.

By increasing the drug loading, the fiber diameter decreased significantly (*P*≤0.001) in the case of ES-NF and EL-NF ([Table 3](#t3-ijn-12-2335){ref-type="table"}). This phenomenon was probably due to the significant decrease in viscosity of both solutions after adding the drug ([Table 3](#t3-ijn-12-2335){ref-type="table"}), which reduced the mean average diameter of the produced NFs. The decrease in fiber diameter might be also due to the increased stretching during electrospinning due to the increased electrical conductivity and charge density of the solution, leading to more elongation of the jet.[@b35-ijn-12-2335] Similar results were also reported in the literature.[@b41-ijn-12-2335]--[@b43-ijn-12-2335]

From the previous optimization results, two optimum NF formulations were selected. The first one was composed of 20% (w/v) EL-NF loaded with 20% (w/v) KET and was coded as F1. The second one was 20% (w/v) ES-NF loaded with 10% (w/v) KET and was coded as F2. They were selected for further investigations as they had acceptable diameters with no beads or fusion points. They also demonstrated the highest theoretical drug loading with no effect on NF morphology. Both formulae were electrospun at a feeding rate of 0.5 mL/h and an applied voltage of 15 kV.

Evaluation of the selected electrospun NFs
------------------------------------------

### Drug loading

The entrapment efficiency was 93.1%±3.2% (w/w) for F1 and 90.2%±4.3% (w/w) for F2. High entrapment efficacy was expected due to the exceptional high surface area of the NFs and also due to the passive drug loading technique, which involved the incorporation of drug into the polymeric solution to be spun and solidified during the electrospinning process. The drug was entrapped in the polymer fiber mat; thus, the risk of drug loss during this process was low. The resulted high entrapment efficiency allowed significant flexibility to reduce the size of NF mats for buccal administration, making self-administration convenient for patients.

The actual drug loading was 46.5%±1.6% (w/w) and 30%±1.4% (w/w) for F1 and F2, respectively. The theoretical drug loading in the case of EL-NF (F1) was 50% (w/w) and 33.3% (w/w) in the case of ES-NF (F2). The achieved drug loading in the case of EL was higher than the published data, where it did not exceed 37.5% (w/w).[@b13-ijn-12-2335]

### DSC

DSC examinations were conducted for the pure drug, the polymers and the two different formulations F1 and F2 as shown in [Figure 7](#f7-ijn-12-2335){ref-type="fig"}.

The thermogram of the pure KET exhibited only one sharp endothermic peak at 95°C corresponding to its melting point (*T*~m~), indicating its presence in the crystalline state (same as reported by El-Kamel et al[@b44-ijn-12-2335]). For pure EL, there was a broad endotherm between 50°C and 110°C due to dehydration and a second one ranging from 195°C to 219°C, which may be due to thermal degradation. These findings were consistent with other results documented by Illangakoon et al.[@b45-ijn-12-2335] ES exhibited broad glass transition (Tg) endothermic peaks at 90°C and 230°C as reported by Karthikeyan et al.[@b16-ijn-12-2335] These data confirmed that both ES and EL are amorphous as reported previously.

The endothermic peak due to fusion of drug crystals at 95°C disappeared in F2, suggesting an amorphous composite was formed and proving the molecular dispersion of KET in the electrospun fiber matrix with a change in the state of drug from crystalline to amorphous. This may be due to the extremely rapid evaporation of the solvent from the fibers during the electrospinning process, causing the inability of the drug molecules to form crystalline aggregates or lattice within the NFs.[@b19-ijn-12-2335] Yet, in F1 NFs containing higher KET concentration (20%), there was a very small endothermic peak at 95°C, indicating very little of the drug was in the crystalline state. However, SEM images did not show any visible drug crystals on the surface of NFs. Similar results were also reported by Potrč et al[@b13-ijn-12-2335] where a small amount of ibuprofen was found in the crystalline state but did not appear in SEM images.

### FTIR

#### Infrared (IR) spectra of pure KET, ES, EL and formulations F1 and F2

Two well-defined, sharp peaks were visible for pure KET, one at 1,697 cm^−1^ that represented the stretching vibration carbonyl group of KET dimer and another one at 1,655 cm^−1^ due to the stretching of the ketone group. FTIR spectrum of pure EL displayed characteristic bands of methyl and methylene C--H stretch vibrations at 2,993 cm^−1^ and a strong band of esterified carbonyl groups at 1,716 cm^−1^ (C=O stretch). The shifting of the band to be at 1,716 cm^−1^ instead of being in the range of 1,735--1,750 cm^−1^ indicated hydrogen bond formation between polymer molecules. There were another two bands of ester vibration (C--O--C stretches) at 1,256 and 1,195 cm^−1^ and broad absorption band of OH group at 3,000--3,500 cm^−1^. The ES spectrum also showed the characteristic methyl and methylene C--H stretch vibrations band at 2,999 cm^−1^ and a band at 1,737 cm^−1^ corresponding to esterified carbonyl group. Two ester vibration bands at 1,252 and 1,198 cm^−1^ and broad hydroxyl group absorption bands between 3,300 and 3,600 cm^−1^ were also observed. The ES esterified carbonyl group band was not shifted, the same as in EL, because the ratio between the free carboxyl groups to ester groups in ES was 1:2, while it was 1:1 in EL.[@b46-ijn-12-2335] Therefore, ES has lower free carboxyl group and less chance for intermolecular hydrogen bonding compared to EL.

KET molecules possess free hydroxyl groups that act as potential proton donors and carbonyl groups that serve as potential proton receptors for hydrogen bonding. Therefore, hydrogen bonding interactions can be speculated to occur within the KET-loaded EL-NF and ES-NF. The peak at 1,697 cm^−1^ corresponding to the stretching vibration of carbonyl group of pure KET dimers disappeared in the spectra of both F1 and F2, indicating the breakage of KET dimers and formation of hydrogen bonding between the polymer and KET molecules. Thus, by interacting with the polymer, KET molecules were less likely to form dimers essential for crystal lattice formation.[@b46-ijn-12-2335] The esterified carbonyl stretching band characteristic of EL in F1 was shifted to 1,728 cm^−1^, which may also be due to intermolecular hydrogen bond formation between KET and EL molecules.

Furthermore, the disappearance of the stretching vibration of ketone group at 1,658 cm^−1^ in pure KET indicated hydrogen bond formation between the drug and polymer.[@b47-ijn-12-2335] In addition, a shift occurred to 1,727 cm^−1^, indicating intermolecular hydrogen bond between ES and KET molecules. Therefore, the hydrogen bonding interaction between the KET and EL/ES in the NFs might increase the compatibility between them, prevented KET crystallization in the fibers and stabilized the drug in an amorphous state in the NFs. These results were previously confirmed by DSC results.

### Surface pH and hydration capacity

The surface pH of F1 and F2 ranged from 5.90±0.24 to 6.02±0.24, which indicated that both formulations maintained an acceptable pH in the range of human salivary pH from 5.6 to 7.0.[@b48-ijn-12-2335]

The rate and the extent of NF hydration and swelling may affect the mucoadhesion and, consequently, the drug release from the NFs.[@b49-ijn-12-2335] The maximum hydration capacities of the optimized samples were obtained within 15 minutes for F1 and 30 minutes for F2. Then, the water uptake values decreased in both formulations due to erosion and dissolution of polymer matrix.

In general, the ability of polymers to absorb water is due to the presence of water soluble groups such as --COOH that formed hydrogen bond with the aqueous medium. The hydration of these groups resulted in water entry into polymer chain. EL and ES used in this study are copolymers, anionic in nature and based on methacrylic acid and methacrylic acid methyl ester. Both copolymers have free carboxylic acid group. The ratio of the free carboxyl groups to the ester groups is 1:1 in EL and 1:2 in ES; therefore, EL is more hydrophilic than ES.[@b46-ijn-12-2335] ES is soluble in the pH range \>7, while EL dissolves in pH \>6 due to its higher content of the carboxylic groups.[@b50-ijn-12-2335] The water uptake values of F1 and F2 were almost similar after 15 minutes; then, EL started to dissolve more quickly due to its hydrophilic property, forming channels and pores. The void volume formed was filled with the buffer, which gradually diffused into the NFs, leading to its rapid and complete erosion in 2 hours. On the other hand, F2 (ES) reached its maximum water uptake value at 30 minutes. The less hydrophilic nature of ES compared to EL resulted in the resistance of the matrix network structure, mainly hydrogen bonds, to the movement of water molecules. Thus, F2 did not show any appreciable changes in its shape and maintained the integrity of the NFs during the study period with only a small amount of NFs being dissolved in the buffer. Although F1 (EL) is more hydrophilic and expected to have higher water uptake values than F2 (ES), it showed significant lower values (*P*≤0.05) due to the weight loss caused by erosion, which counterbalanced the high water uptake.

### Mucoadhesion test and mucoadhesion retention time

The results of mucoadhesive study showed good mucoadhesive force of 14,046.6±1,131.6 dyne/cm^2^ in F1 and 13,720± 1,697.4 dyne/cm^2^ in F2 with no statistically significant difference between them (*P*\>0.05).

The mucoadhesive property in the tested NFs might be due to polyanionic nature of both polymers used. The many COOH groups presented in their structures formed a hydrogen bond with the mucosal tissue. In addition to the large surface area of the NFs available to interact with biosurfaces, they can interact with the mucosa after fluid uptake through the presence of numerous nanometer-sized interfibrillar pores causing mucoadhesion.[@b51-ijn-12-2335] Gowthamarajan et al[@b52-ijn-12-2335] reported that the mucoadhesive property of polymers was influenced by their swelling nature. The higher water uptake might help in establishing a quicker and stronger interpenetration of polymer chains into the mucous and improved their contact time. Since the water uptake by EL-NF and ES-NF after 15 minutes (the time required to measure the mucoadhesive force) was almost the same, the determined adhesion force for both NFs was statistically insignificant (*P*\>0.05).

Mucoadhesive time for F1 was 2 hours; longer duration was recorded for F2 (5 hours), although the mucoadhesive force of them was almost the same. This could be due to the fact that EL (F1) dissolved at pH \>6 led to channel formations, resulting in the fast erosion of the NFs.[@b46-ijn-12-2335] At pH 6.8, ES (F2) was less soluble than EL; consequently, ES-NF remained intact and needed longer time to erode. None of the NF mats were detached from the mucosal membrane over the study period, which indicated that the mucoadhesion property of tested NFs was sufficient to retain them on the buccal mucosa.

A previous study reported that there is no relation between mucoadhesion strength and mucoadhesion time.[@b53-ijn-12-2335] However, in another study, Garg et al[@b54-ijn-12-2335] proposed that the extent of mucoadhesive strength will directly reflect the residence time of the dosage form in the target site.

### In vitro drug release study

In vitro release profiles of KET from F1 and F2 and their corresponding casted films containing equivalent amounts of KET are presented in [Figure 8](#f8-ijn-12-2335){ref-type="fig"}. The amount of KET released from F1 and F2 was statistically significantly (*P*≤0.001) higher than that released from the corresponding casted films. The results showed that 99.8% and 91.7% of KET was released within 2 hours from F1 and F2, respectively, while only 2.3% and 2.2% of KET was released from EL- and ES-casted films. The three-dimensional continuous nanoweb structure of the NFs and the molecular distributions of drug in them provided a tremendously large surface area for the drug to be exposed to the dissolution media. In addition, the large porosity of the NF mats facilitated the fast mass transfer of solvent and drug molecules from or to the dissolution medium. The nanoscale diameter of the NFs also contributed greatly to decrease the diffusion layer thickness for the drug to pass through; therefore, it improved significantly the drug wettability. Furthermore, the incorporation of poorly soluble drugs such as KET in the NFs improved their release rate since electrospinning decreased the drug crystallinity, as previously demonstrated in DSC results, which confirmed the presence of KET in an amorphous state within the NFs; therefore, no crystal lattice energy had to be overcome for dissolution. The fast dissolution of the drug from NFs could augment the concentrations of supersaturated drug solution and thus correspondingly increase the drug gradients for rapid diffusion of drug molecules.[@b55-ijn-12-2335] On the other hand; the solvent-casted films had very limited surface areas and porosity for quickly transferring solvent and drug molecules. Similar results have been reported in the literature comparing the drug release from NFs and films.[@b28-ijn-12-2335],[@b56-ijn-12-2335] As mentioned before, EL is more soluble in pH 6.8 than ES. After 2 hours, F1 was completely dissolved in the medium releasing all its content of KET; on the other hand, F2 still remained in the medium. This could explain the significant accelerated release of KET from F1 compared to F2 (*P*≤0.001). In clinical application, an initial fast release in the shortest time after administration is in favor of relieving the symptoms of oral mucositis. Therefore, the delivery system that can provide initial burst drug release would be desirable. In this study, an initial burst release of KET from EL-NF and ES-NF was observed due to the high surface area of NFs and the amorphous nature of KET. Therefore, they may be good candidates for rapid oromucosal drug delivery, providing high drug concentrations at the target surface and reducing the required dose.

The mechanism of drug release from the NFs was investigated using model-dependent methods. The drug release results were fitted into zero-order kinetics, first-order kinetics and Hixson--Crowell, Higuchi, Korsmeyer--Peppas and Weibull models. Based on the values of coefficient of determination (*R*^2^), the Weibull model was the best model fitting the release data of F1 and the Korsmeyer--Peppas model was the best model for F2 drug release (*R*^2^=1.00). F2 exhibited release exponent *n* values of 0.532, indicating that the drug release from F2 might have followed both drug diffusion and relaxation of polymeric matrix (erosion) in an anomalous non-Fickian manner.[@b57-ijn-12-2335]

### Ex vivo permeation study

The permeation experiment was performed for 6 hours using a chicken pouch membrane. The results ([Figure 9](#f9-ijn-12-2335){ref-type="fig"}) showed that the amount of KET permeated after 6 hours was only a small fraction (11% for F2 and 13% for F1) of the initial loaded amount. These results suggested that the prepared formulations could be good candidates to be used for local buccal delivery with minimum drug permeation and less expected systemic absorption and side effects.

### In vivo animal study

It has been reported that NFs are good candidates for wound dressing due to their high porosity, which allows exchange of gases, moisturization of the wound and drainage of exudates from the wound site. The large surface area of NFs can lead to high absorption of exudates. Sub-micron interfiber porosity on the other hand can block entry of bacteria into the wound site. Thus, nanofibrous dressings can substantially decrease the risk of wound infection. Good flexibility of the dressing and high mechanical strength are also ideal for meeting protective requirements.[@b58-ijn-12-2335]

From the previous results, F1 was selected for in vivo study as it possessed a higher loading capacity than F2, thus reducing the size of the applied NF mats. Another advantage of F1 was the fast release and complete dissolution and erosion that occurred in 2 hours, which might be convenient for buccal applications in patients since there will be no need to remove the dosage form after complete drug release.

### Body weight analysis

Greater weight loss was found in the oral mucositis control group due to the progressive decrease in food intake, which might be attributed to difficulty in chewing and swallowing. Treatment with F1 improved the feed intake and showed a significantly (*P*≤0.05) less weight loss percentage (4.5%) starting from the 5th day compared to that of the untreated group (8%). This reflected the degree of oral mucositis in the treated group, which was almost healed by the 6th day. During the first 4 days of the study, the weight loss in both groups was statistically insignificant (*P*\>0.05) when comparing the treated and untreated groups. The reason for the weight loss in the treated group was probably due to the more frequent handling of the animals than in those of the mucositis control group. In addition, the daily intramuscular anesthetic injection to prevent swallowing of the NFs might also provoke greater stress and discomfort to these animals.

Clinical evaluation of oral mucositis
-------------------------------------

Normal pouch mucosa ([Figure 10A](#f10-ijn-12-2335){ref-type="fig"}) showed intact epithelial lining with no areas of hyperemia, bleeding or ulcerations. On the same day after induction of oral mucositis, rabbits from both groups showed inflammatory changes manifested as increased erythema and hyperemia with interruption of the normal epithelial lining, presence of hemorrhagic areas and extensive ulcerations ([Figure 10B](#f10-ijn-12-2335){ref-type="fig"}). On the second day, the inflammatory manifestations continued and a white fibrous tissue was formed in both groups ([Figure 10C and D](#f10-ijn-12-2335){ref-type="fig"}) where the ulcer reached its developmental peak.[@b59-ijn-12-2335] By day 6, there was a marked reduction in the severity of mucositis in the treated group, showing healing of ulcerations with mild erythema and hyperemia, no hemorrhagic areas, ulcerations or abscesses ([Figure 10E](#f10-ijn-12-2335){ref-type="fig"}). However, the mucositis severity in the control group remained the same or was slightly reduced with severe erythema and hyperemia, presence of hemorrhagic areas and ulcerations, as shown in [Figure 10F](#f10-ijn-12-2335){ref-type="fig"}.

### Histopathological study

Histopathological findings revealed that the excised mucosa of the normal control rabbit showed intact epithelium, with neither lymphocytic infiltration nor hyperemia, and the average score was zero ([Figure 11A](#f11-ijn-12-2335){ref-type="fig"}). At day 2, the six rabbits from both groups showed severe ulceration and dense inflammatory infiltrate involving the connective tissue on background of severe hyperemia and vasodilatation, which was given an average score 3 ([Figure 11B](#f11-ijn-12-2335){ref-type="fig"}). At day 6, ulceration was the predominant histopathological finding observed in the nontreated group, associated with moderate-to-dense inflammatory infiltrates in the connective tissue with areas of hyperemia, which indicated the presence of oral mucositis ([Figure 11C](#f11-ijn-12-2335){ref-type="fig"}). The score ranged from 2 to 3 with a mean score of 2.5±0.5. These findings were consistent with histopathological results reported in the literature.[@b60-ijn-12-2335] The results of the treated group at day 6 showed a reduction in inflammatory changes as response to the treatment with F1 as compared to those of the nontreated group; the epithelium was intact, and no or very mild inflammatory infiltrates were present. The score ranged from 0 to 1 ([Figure 11D](#f11-ijn-12-2335){ref-type="fig"}), and a mean score of 0.8±0.3 was recorded. Our results supported the documented role of anti-inflammatory drugs in the treatment of oral mucositis. Other than the anti-inflammatory effect of KET, the electrospun NF mats also protected the ulcer from bacterial infection where continuous re-epithelialization and shrinkage of the wound area in the treated group were observed, as a moist environment helped promote more rapid re-epithelialization.[@b61-ijn-12-2335]

Conclusion
==========

Electrospinning process could be successfully adopted to produce KET-loaded EL-NF and ES-NF that showed no beads or defects even after the addition of drug with acceptable physical characterization and drug release properties. The selected formulation F1 reduced the clinical severity of mucositis in rabbits, suppressed the inflammatory response and promoted the healing process.
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![SEM micrographs of EL (I) and ES (II) blank NFs prepared using different concentrations, (**A**) 10%, (**B**) 15%, (**C**) 20% and (**D**) 25%, and electrospun at 15 kV and at 0.5 mL/h flow rate (magnification power ×5,000).\
**Abbreviations:** SEM, scanning electron microscopy; EL, Eudragit L100; ES, Eudragit S100; NF, nanofiber.](ijn-12-2335Fig1){#f1-ijn-12-2335}

![Effects of different concentrations (10, 15 and 20%) of EL and ES on the viscosity of polymer solution, measured at room temperature at 180 rpm.\
**Abbreviations:** EL, Eudragit L100; ES, Eudragit S100.](ijn-12-2335Fig2){#f2-ijn-12-2335}

![SEM micrographs of blank EL 15% (w/v) NFs prepared at different voltages: (**A**) 10 kV, (**B**) 15 kV, (**C**) 20 kV and (**D**) 25 kV.\
**Note:** The feeding rate was fixed at 0.5 mL/h.\
**Abbreviations:** SEM, scanning electron microscopy; EL, Eudragit L100; NF, nanofiber.](ijn-12-2335Fig3){#f3-ijn-12-2335}

![SEM micrographs of blank 20% (w/v) EL (I) and ES (II) NFs prepared at different flow rates: (**A**) 0.5 mL/h, (**B**) 1 mL/h and (**C**) 2 mL/h.\
**Abbreviations:** SEM, scanning electron microscopy; EL, Eudragit L100; ES, Eudragit S100; NF, nanofiber.](ijn-12-2335Fig4){#f4-ijn-12-2335}

![SEM micrographs of 20% (w/v) EL-NF with different loaded KET concentrations, (**A**) 10%, (**B**) 15% and (**C**) 20% (w/v), produced at a flow rate of 0.5 mL/h and an applied voltage of 15 kV.\
**Abbreviations:** SEM, scanning electron microscopy; EL, Eudragit L100; NF, nanofiber; KET, ketoprofen.](ijn-12-2335Fig5){#f5-ijn-12-2335}

![SEM micrographs of 20% (w/v) ES-NF with different loaded KET concentrations, (**A**) 10%, (**B**) 15% and (**C**) 20% (w/v), produced at a flow rate of 0.5 mL/h and an applied voltage of 15 kV.\
**Abbreviations:** SEM, scanning electron microscopy; ES, Eudragit S100; NF, nanofiber; KET, ketoprofen.](ijn-12-2335Fig6){#f6-ijn-12-2335}

![DSC thermogram of (**A**) pure EL and (**B**) pure ES and (**C**) collective DSC thermogram of KET: pure KET, F1: EL-NF and F2: ES-NF.\
**Abbreviations:** DSC, differential scanning calorimetry; EL, Eudragit L100; ES, Eudragit S100; KET, ketoprofen; NF, nanofiber.](ijn-12-2335Fig7){#f7-ijn-12-2335}

![In vitro release profile of KET from the two selected formulas ES-NF and EL-NF and their corresponding casted films, ES and EL films, at pH 6.8 (n=3).\
**Note:** F1, EL-NF; F2, ES-NF.\
**Abbreviations:** KET, ketoprofen; ES, Eudragit S100; NF, nanofiber; EL, Eudragit L100.](ijn-12-2335Fig8){#f8-ijn-12-2335}

![The permeation of KET through chicken buccal mucosa membrane from F1 and F2 (n=3).\
**Notes:** F1, 20% (w/v) EL-NF loaded with 20% (w/v) KET; F2, 20% (w/v) ES-NF loaded with 10% (w/v) KET.\
**Abbreviations:** KET, ketoprofen; EL, Eudragit L100; NF, nanofiber; ES, Eudragit S100.](ijn-12-2335Fig9){#f9-ijn-12-2335}

![Photographs of rabbit mucosal pouch: (**A**) normal control, (**B**) rabbit mucosa immediately after induction, (**C**) treated group at day 2, (**D**) nontreated group at day 2, (**E**) treated group at day 6 and (**F**) nontreated group at day 6.\
**Notes:** Arrow in (**B**) indicates the presence of hemorrhagic areas and extensive ulcerations. Arrows in (**C** and **D**) indicates white fibrous tissue where the ulcer reached its developmental peak. Arrow in (**E**) shows the healing of ulcerations with mild erythema and hyperemia, no hemorrhagic areas, ulcerations or abscesses. However, the mucositis severity in the control group remained the same or was slightly reduced with severe erythema and hyperemia, presence of hemorrhagic areas and ulcerations, as shown by the arrows in (**F**).](ijn-12-2335Fig10){#f10-ijn-12-2335}

![Histopathological photographs of rabbits' buccal mucosa: (**A**) normal mucosa score 0, (**B**) score 3, (**C**) score 2 and (**D**) score 1 (H&E stain ×100).\
**Abbreviation:** H&E, hematoxylin and eosin.](ijn-12-2335Fig11){#f11-ijn-12-2335}

###### 

Effects of different concentrations of EL and ES on the diameter of blank NFs

  Polymer concentration (%)   EL-NF diameter (nm) ± SD   ES-NF diameter (nm) ± SD
  --------------------------- -------------------------- --------------------------
  10                          51.2^d^±22.7               69.7^d^±24.8
  15                          124.4^c^±50.3              171.4^c^±37.2
  20                          295.2^b^±91.2              590.4^b^±156.2
  25                          355.7^a^±117.2             864.4^a^±371.8

**Notes:** The feeding rate was 0.5 mL/h at an applied voltage of 15 kV. a \> b \> c \> d.

**Abbreviations:** EL, Eudragit L100; ES, Eudragit S100; NF, nanofiber; SD, standard deviation.

###### 

Effects of applied voltage on the diameter of 15% (w/v) blank EL-NF

  Applied voltage (kV)   Diameter (nm) ± SD
  ---------------------- --------------------
  25                     186.43^a^±51.01
  20                     182.75^a^±62.60
  15                     125.58^b^±33.19
  10                     123.91^b^±48.35

**Notes:** The feeding rate was 0.5 mL/h. a \> b.

**Abbreviations:** EL, Eudragit L100; NF, nanofiber; SD, standard deviation.

###### 

Effects of different KET concentrations on the diameter of NFs

  NF formulation   Viscosity (cP)   Mean diameter (nm) ± SD
  ---------------- ---------------- -------------------------
  ES 20%+0% KET    78               590.4^a^±24.8
  ES 20%+10% KET   60               499.6^b^±104.9
  ES 20%+15% KET   --               467.3^b^±139.9
  ES 20%+20% KET   56               302.3^c^±58.8
  EL 20%+0% KET    130              295.2^a^±91.2
  EL 20%+10% KET   98               286.7^a,b^±86.0
  EL 20%+15% KET   --               243.0^b^±36.6
  EL 20%+20% KET   80               191.2^c^±48.0

**Notes:** The feeding rate was 0.5 mL/h at an applied voltage of 15 kV. a \> b \> c.

**Abbreviations:** KET, ketoprofen; NF, nanofiber; SD, standard deviation; ES, Eudragit S100; EL, Eudragit L100.
